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Description
Field of the Invention

[0001] This invention relates to vaso-occlusion devic-
es for forming an occlusion (embolism) at a desired vas-
cularlocation, in particular at the site of an aneurism. The
devices are helical wire coils preferably with enlaced fi-
brous materials providing an increased surface area to
facilitate high rates of desired bioactions such as bioac-
tive material release or embolic interactions between the
device’s surface and the patient’s bloodstream. The coils
may be coated with at least a single layer including a
bioactive material.

Background

[0002] Body cavity embolism (e.g. brain blood vessel
aneurysm occlusion by detachable coils, liquid embo-
lism, particle embolism, balloon embolism) is a treatment
that may have a high incidence of recurrence. Due to
insufficient healing at the aneurysm/parent artery inter-
face, mechanical and biological forces, incompletely un-
derstood, create a new expansion of aneurysm. That is
the aneurysm reforms or recurs after endovascular, em-
bolic treatment.

[0003] In one treatment PY/Ir coils are packed in aneu-
rysms so that they occupy ~20% to 30% of the aneurysm
volume and reduce the inflow of blood into the aneurysm.
Aneurismal blood, at 70% to 80% by volume, clots by
stagnation. Preferably, the clotted blood organizes and
proceeds through a series of steps similar to those oc-
curring at any wound in the body: (1) hemostasis, (2)
inflammation, (3) tissue formation, and (4) remodeling.
An aneurysm so treated is excluded from the arterial cir-
culation. On the other hand, for partially understood rea-
sons, the clotted blood may not organize, the coil mass
compacts and/or new blood flow__coupled with the dis-
eased arterial tissue—allows expansion of the aneu-
rysm. Thus the aneurysm recurs and remains susceptible
to rupture and hemorrhagic stroke.

[0004] With the pursuit of tissue engineering, devices
were created that attempt to direct or enhance the healing
of the aneurysm/artery interface rather than rely on each
patient’s individual reaction to the embolism of the an
aneurysm cavity. Embolic devices, such as electrolyti-
cally-detached Pt/Ir coils, have been designed with coat-
ings that swell in aqueous solution or that provoke a mild
inflammatory response.

[0005] One form of device contains a polyacrylamide
hydrogel attached to the Pt/Ir detachable coil. As the coil
resides in blood, the hydrogel swells and occupies more
space than bare metal coils, leading to higher packing
densities (~40% to 50%).

[0006] Other coils use the biodegradable polymer PG-
LA (poly glycolyic/lactic acid—the same material used in
absorbable sutures) as a bioactive coil coating to provoke
a mild inflammatory response in the aneurysm that trig-
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gers aneurismal organization per the above wound heal-
ing steps.

[0007] Bothapproaches sufferfrom the same problem:
they are limited by the small size of these coils and the
fact that the coils must be delivered through a microcath-
eter with the smallest ID of ~0.015". Coils may have a
minimum of 0.09 cm of surface area (0.01 1" OD, over a
1 cm length). Placing a coating, hydrogel or bioactive
coating, and ensuring that the treated coil can move
through a 0.015" ID catheter places a finite limit on the
amount of hydrogel or bioactive coating applied to the
coil. In general, the amount of material is limited by the
surface of the coil and the delivery catheter. Limited to
no efficacy data exist for the coated coils. However, phy-
sician feedback indicates that the results are no better
than bare-metal coils.

[0008] Helical coils are one form of device that has
been extensively employed. Hans Henkes, et al., NEU-
ROSURGERY 54, No. 2, 268 (2004) describe the results
of over 1800 procedures involving helical coils and con-
clude that such devices are safe and efficacious for oc-
clusion for patients with intracranial aneurysms.

[0009] A number of variations on helical coils have
been proposed heretofore. For example, United States
Patent Number 5,226,911 issued to Chee and Narient
describes looping 5 to 100 biocompatible polymer fibers
through the helical coils. Dacron, polyglycolic acid, poly-
lactic acid, fluoropolymers, nylon and silk are among the
polymers suggested for these fibers. United States Pat-
ent Number 5,382,259 issued to Phelps and Van de-
scribes braided or woven fibrous tubular coverings with
and without tassels for helical coils. United States Patent
Number 5,549,624 issued to Mirigian and Van describes
a helical coil device with added fibrous loops which are
described as increasing the device’s thrombogenicity.
United States Patent Number 5,658,308 issued to Sny-
der describes a helical metal device with from one to
several hundred axial fibrous strands passing through its
center and optionally filaments attached to the windings
of the coil. These filaments are recited to be bioactive or
nonbioactive and to enhance the ability of the coil to oc-
clude the site at which it is placed. United States Patent
Number 5, 935,145 issued to Villar and Aganon de-
scribes helical coils two fibrous members, each of a dif-
ferent material, attached. One of the materials is prefer-
ably biodegradable. The other is preferably not biode-
gradable. United States Patent Number 6,299,627 is-
sued to Eder et al. describes devices with coils or braids
and two coatings including an inner coating and another
coating selected to affect the solubility of the inner coat-
ing.

[0010] All of this work suggests that although helical
coil inserts are attractive vasoocclusive devices there are
opportunities to improve their performance to achieve
optimal performance in terms of ease of delivery to and
placement atthe treatment site and in terms of the degree
and rate of vaso-occlusion achieved.
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SUMMARY OF THE INVENTION

Statement of the invention

[0011] We have now discovered improvements to va-
so-occlusion devices comprised of a coil, e.g., a metallic
coil enlaced with biological, biodegradable or synthetic
polymer fibers.

[0012] A need exists for an embolic device that can
increase the effective surface area so that higher levels
of biological, biodegradable, or synthetic agents can be
present to embolize a body cavity and direct or provoke
a healing response.

[0013] We sought to provide more surface area to an
embolic coil device by adding fibers. By increasing initial
blood contact surface area between aneurismal blood
and tissue, bioactive agents (biological, biodegradable,
or synthetic) can be used at higher concentrations or in
greater amounts than previously used. The same con-
centration or amount can be spread over a larger contact
surface area.

[0014] More particularly, we have discovered that pro-
viding a large but controlled additional surface area to a
helical coil device in the form of fibers enlaced into the
coil provides an improved device. The amount of addi-
tional surface area provided by the enlaced fibers should
be at least 0.1 times the surface area provided by the
metallic coil itself, to as much as 10 or greater times the
surface area provided by the metallic colil itself.

[0015] Thus, this invention provides a vaso-occlusion
device comprising:

(a) a helical coil of 0.025 mm or larger metal wire,
the coil sized for insertion to a point of use in the
vascular network of a patient for occluding blood flow
and having a plurality of windings and having a first
surface area and

(b) a plurality of fibrous elements enlaced through
the helical coil and having outwardly extending ends,
said fibrous elements presenting a bioactive outer
surface and collectively having a second surface ar-
ea with the second surface area being at least 0.1
times the first surface area.

[0016] In one embodiment the majority of the fibrous
elements each enlace a single winding of the helical coil.
In additional embodiments the majority of the fibrous el-
ements each enlace two or more windings of the helical
coil.

[0017] The fibrous elements can be made of a bioac-
tive material or a nonbioactive material. They can be sta-
ble in the conditions of use or they can undergo biodeg-
radation in that setting. They can include a coating of
bioactive material on a core of nonbioactive material or
on a core of bioactive material. They may include a coat-
ing comprised at least partially of a nonbioactive material.
The bioactive material can be a naturally-occurring ma-
terial or a synthetic material. Synthetic material may in-
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clude any material made by the human hand including,
but not limited to engineered versions of nanturally oc-
curring material, e.g., molecules.

[0018] Anexemplary family of materials for forming the
fibers or for coating the fibers include copolymers of gly-
colic acid with lactic acid copolymers.

[0019] In other embodiments this invention provides
methods of producing these devices by enlacing fibers,
before or after coating, into the helical coils as well as
methods for treating a patient to embolize a body site by
placing a device of this invention at the site in need of
embolization.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] This invention will be further described with ref-
erence being made to the accompanying drawings in
which:

[0021] Figure 1 is a not-to-scale side view of a vaso-
occlusive coil showing three representative embodi-
ments of the fibers which are present enlaced into it.
Three areas are identified in Fig. 1. Area 2-2’ shows an
embodimentwhere the fibers are enlaced around asingle
loop of the coil. Area 3-3’ shows an embodiment where
the fibers are enlaced through a single loop of the coil.
Area 4-4’ shows an embodiment where the fibers are
enlaced through a plurality of loops of the coil.

[0022] Figure 2 is an expanded scale view of the 2-2’
area of Fig 1 which shows an embodiment where the
fibers are enlaced around a single loop of the coil.
[0023] Figure 3 is an expanded scale view of the 3-3’
area of Fig 1 which shows an embodiment where the
fibers are enlaced through a single loop of the coil.
[0024] Figure 3’ is an expanded scale view of the 3-3’
area of Fig 1 which shows an embodiment where the
fibers are enlaced through a pair of loops of the coil.
[0025] Figure4isanexpandedscaleview of the 4-4’ar-
ea of Fig 1 which shows an embodiment where the fibers
are enlaced in an "S" pattern through a plurality of loops
of the caoil.

[0026] Figure 5 is an expanded scale view similar to
Fig 4 with a variation in the way the fibers are enlaced.
In this embodiment two sets of fibers are enlaced adja-
cent to each other in "S" patterns on the coil.

[0027] Figure 6 is a not-to-scale partial cross section
of a type of fiber or a type of coil useful in the present
invention having a core and an outer coating.

[0028] Figure 7a is a not-to-scale side view of an ex-
ample of one embodiment of the invention comprising a
vaso-occlusive coil which includes a stretch resistant
member fixedly attached to the coil and a plurality of fib-
ers, where each fiber is wrapped around the stretch re-
sistant member at least twice.

[0029] Figure 7b is a not-to-scale top view of the em-
bodiment of the invention shown in Figure 7a.
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Detailed Description of the Invention

[0030] This detailed description is broken down into
the following sections.

Metal Coils and Device Configurations

Stretch Resistant Members

Fiber Materials

Bioactive Materials

Applications

Metal Coils and Device Configurations

[0031] The vaso-occlusion devices of this invention
are made up of a coil, e.g. a metal coil preferably with
enlaced fibers pendant therefrom. In certain embodi-
ments the devices are in the form of a helix and may be
comprised of a simple single helix. In other embodiments,
however, the coils are coils on coils having a primary
helical coil wound into a secondary helix or other sec-
ondary shape with fibers enlaced through the primary
coil such as shown in Figure 1. In Figure 1 a device 10
is shown having a metal coil 12 having a large or sec-
ondary helix having a diameter Ds and a small or primary
helix having a diameter Dp. A plurality of fibers 14, 16,
and 18 are shown enlaced through the coils of the primary
helix in configurations captured in lines 2-2’, 3-3' and 4-4’
and thereafter depicted in expanded scale in Figures 2,
3, 3’ and 4 respectively. It will be appreciated that these
four enlacing configurations are merely representative
and that equivalent configurations which suitably asso-
ciate the fibers with the coils are also contemplated within
the scope of this invention.

[0032] The wire making up the coil 12 may be a bio-
compatible metal, that is a metal that does not react ad-
versely with the tissues and fluids it comes in contact with
when used in the body. The metals may also be radio
opaque so that the position and location of the coils in
the body can be monitored with radiological techniques.
Suitable metals include, but are not limited to the noble
metals such as the platinum group metals which include
platinum, palladium, rhodium and rhenium as well as irid-
ium, gold, silver, tungsten, and tantalum and alloys of
these metals with one another. Additional useful metals
may include the super elastic metals such as "Nitinol"
and the like. These materials are described in the art
such as in United States Patents Number 3,174,851 and
3,753,700 and can include nickel-titanium alloys having
about 0.4 to about 0.5 molar fraction nickel and 0.5 to
0.6 molar fraction titanium; aluminum-nickel alloys hav-
ing about 0.35 to 0.4 molar fraction aluminum; and the
like. Platinum-iridium and platinum-tungsten alloys hav-
ing predominant fractions of platinum are most preferred
metals.
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[0033] The metal component may be comprised of a
wire. In certain embodiments the wire commonly has a
diameter of from about 0.025 to about 0.09 mm, from
about 0.03 to about 0.08 mm from about 0.04 to about
0.06 mm. In certain specific embodiments the wire has
a diameter of about 0.05 mm. In some embodiments the
wire may be comprised only of a primary shape e.g., a
simple single helix. In some embodiments the wire com-
ponent may comprise a primary shape e.g., helical coil
and a secondary shape. The secondary shape may com-
prise a complicated three dimensional shape. In other
embodiments the wire can comprise a coil of coils or dou-
ble helix. When it is a coil of coils, the outer or secondary
diameter of the outer helix may be from about 1 to about
25 mm in some embodiments and from about 2 to 20 mm
in certain other embodiments. The primary (inner) helix
may typically have an outside diameter of from about 0.1
to about 0.8 mm in some embodiments, and from about
0.15 to about 0.6 mm in other embodiments and from
about 0.2 to about 0.4 mm in yet other embodiments.
Certain specific embodiments provide for coils having a
primary diameter of about 0.28 mm sized to pass through
a correspondingly dimensioned catheter. Yet other em-
bodiments provide for coils having a primary diameter of
about 0.24mm sized to pass through a correspondingly
dimensioned catheter.

[0034] The secondary helix may have from about 0.5
to about 20 windings per cm in some embodiments and
from about 1 to about 10 windings per cm in other em-
bodiments. The inner or primary coil may have from about
2 to about 50 windings per mm in some embodiments
and from about 5 to about 40 windings per mm in other
embodiments. These primary coil winding values are de-
termined on the primary coil without added fibers. As fib-
ers are added they typically expand the primary helix to
some degree as they enlace through the primary helical
coils. Thus, in Figures 1, 2, 3 and 4 the primary helix coils
are depicted with a pitch that allows for free space be-
tween adjacent coils. As shown in Figures 2 and 3, for
example, this extra spacing between the coils is shown
to make up to about 60% of the overall secondary helix
length. While this configuration is certainly acceptable in
many settings, in other settings it may be desirable to
have the spacing between the coils small enough (or non-
existent) so as to permit the fibers, when added, to distort
the coil and permit the coil to apply pressure to grip the
fibers and hold them in place. This latter situation is re-
ferred to as a "fiber gripping" configuration for the primary
coil. Accordingly, in certain embodiments the extra spac-
ing between adjacent primary coil windings can range
from about 0 % to about 80% of the overall unstretched
primary helix length. A fiber-gripping configuration may
be achieved when the extra spacing between adjacent
coils is in the range of from about 0% to about 25% of
the total length.

[0035] .The unstretched overall axial length of the de-
vices of this invention ranges from about 5 to about 400
mm in some embodiments and from about 10 to about
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300 mm in other embodiments. This length may be se-
lected depending upon the particular application of use
and may be longer than 400 mm in some embodiments.
[0036] As can be seen in Figures 1 through 7, there
are many possible configurations for the fibers which are
present in the devices of the invention. The materials
making up these fibers will be described in the section
entitled Fiber Materials. The configuration of the fibers is
set forth below.

[0037] In certain embodiments, the fibers that com-
prise part of the devices of the invention are enlaced
through the primary coils of the helixes. In other embod-
iments the fibers that comprise part of the devices of the
invention are wrapped at least twice around a stretch
resistant member disposed within the central lumen of
the coil, typically attached at each end thereof. In some
embodiments the fiber may be tied to the coil or the
stretch resistant member, e.g., via a knot. The fiber may
be tied and laced around the coil or the stretch resistant
member or both. In other embodiments the fiber is not
tied or knotted, but is laced or wound around the coil or
the stretch resistant member or both. The fibers may be
flexible and may be cut to shorter lengths to accommo-
date coil delivery through a microcatheter.

[0038] As shown in Figure 2, one suitable lacing con-
figuration may include fibers laced around a single coil
20 of the primary helix with both ends of a single fiber 14
extending radially from the coil 12 in the same general
direction. This can occur with a single fiber such as 14c-
14c¢’ or with a plurality of fibers 14e-14¢e’. The fibers may
be comprised of monofilaments or yarns. The fibers may
be comprised of single fibers or bundles of associated
fibers. The bundles of fibers may range from two fibers
to about 50 fibers or more. The fibers are not drawn to
scale in any of these drawings. In certain embodiments,
they may extend from the secondary coil at least about
0.05 mm. In other embodiments they may extend from
the secondary coil about 0.05 to about 5 mm. In yet other
embodiments they may extend from the secondary coil
about 0.5 mm to about 4 mm. As will be apparent, these
dimensions are relatively small as compared to Ds shown
in Figure 1, but comparable to or larger than Dp. The
fibers may have diameters ranging from about 0.01 mm
to about 0.60 mm in some embodiments. In other em-
bodiments the fibers may have diameters ranging from
about 0.02 mm to about 0.05 mm. In the case of yarns,
the overall yarn diameter will typically be in these ranges
with the individual filaments making up the yarn being
smaller in diameter.

[0039] As noted previously, it is often advantageous
for the diameter of the fiber or bundle of fibers to exceed
the space between windings of the primary helix so that
the space is a fiber-gripping distance.

[0040] As shown in Figure 3, one embodiment of the
invention contemplates enlacing the fibers 16 such that
they extend out of opposite sides of the primary winding
12. In this embodiment a single fiber 16a-16a’ can enlace
and pass by a single coil 22 of helix 12. Similarly a bundle
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of fibers 16b-16b’ can enlace and pass by a single coll
22’. In this configuration it is advantageous to have the
spacing between adjacent windings of the primary coils
to be a fiber-gripping distance. The fibers in this embod-
iment may be of similar dimensions to those set forth in
Figure 2.

[0041] As shown in Figure 3, variations on the lacing
pattern of Figure 3 are contemplated. Thus, a bundle of
fibers 16¢c-16¢’ or an individual fiber 16d-16d’ may be
laced through a pair of adjacent coils 24 and 24’ in the
primary helix. This configuration may advantageously
provide a fiber-gripping spacing between adjacent coils.
[0042] AsshowninFigures4and5 , the fibers that are
enlaced through the primary helix of the coil may be en-
laced back and forth across the coilinan"S" configuration
to facilitate gripping of the fibers by the coil and minimize
the likelihood that they are dislodged in use. In Figure 4,
a bundle of fibers 28 first laces though windings 32 and
34 of coil 12 leaving a tail 30 extending a suitable distance
as set forth above. Next the bundle 28 forms loop 38
spanning a number of windings 36. This number may be
as small as one winding or may be as large as 10-12
windings. In certain embodiments the number of wind-
ings may be substantially larger than 12. Thus certain
embodiments of the invention provide at least one wind-
ing looped by a fiber, e.g. 38 in Figure 4. Then the fibers
may be enlaced through windings 40 and 42 and out the
other side of coil 12 to form a corresponding opposite
loop 46 which spans a number of windings 44 which may
be about the same as the number of windings described
for 38. The fibers may then be enlaced through windings
48 and 50 and end at 28’ to form a tail 52 similar to tail 28.
[0043] Figure 5 shows that multiple bundles forming
the double looped "S" configuration 28 and 28A through
28’ and 28A’ are also contemplated. These multiple loops
may be arrayed parallel to one another and enlace ad-
jacent windings as depicted in Figure 5 but may also vary
from one another and be more random, if desired.

Stretch Resistant Members

[0044] The device of the invention may be comprised
of a stretch resistant member. The stretch resistant mem-
ber may prevent movement or elongation or deformation
of the device e.g., during retrieval or repositioning. The
stretch resistant member may be fixedly attached to at
least one end of the device. In certain embodiments it
may be fixedly attached to both ends of the device. In
some embodiments, the stretch resistant member may
axially traverse the interior region or lumen of the coil.
[0045] The stretch resistant member may be made
from a wide variety of materials. These include any of
the materials, e.g., metals, described as suitable for mak-
ing the coil. The stretch resistant member may be com-
prised of a radiopaque material. It may also be comprised
of a polymer.

[0046] In certain embodiments at least one fiber is
wrapped at least two times round the stretch resistant
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member. In certain embodiments the invention provides
for a plurality of fibers, e.g. at least one bundle or a plu-
rality of bundles wrapped at least two times round the
stretch resistant member. Wrapping the fiber around the
stretch resistant member at least twice advantageously
provides a means of securing at least one fiber to the
device. In certain embodiments the fiber may not be tied
or knotted to the device thereby avoiding potentially ob-
structive bundles which might hinder deployment of the
device or might mechanically damage the device.

Fiber Materials

[0047] Incertain embodiments, the fibers may be com-
prised of polymeric materials. The polymeric materials
may include materials approved for use as implants in
the body or which could be so approved. They may be
nonbiodegradable polymers such as polyethylene, poly-
acrylics, polypropylene, polyvinylchloride, polyamides
such as nylon, e.g., Nylon 6.6, polyurethanes, polyvi-
nylpyrrolidone, polyvinyl alcohols, polyvinylacetate, cel-
lulose acetate, polystyrene, polytetrafluoroethylene, pol-
yesters such as polyethylene terephthalate (Dacron),
silk, cotton, and the like. In certain specific embodiments
the nonbiodegradable materials for the polymer compo-
nent may comprise polyesters, polyethers, polyamides
and polyfluorocarbons.

[0048] The polymers can be biodegradable as well.
Representative biodegradable polymers include:

polyglycolic acid/polylactic acid (PGLA),
polycaprolactone (PCL),
polyhydroxybutyrate valerate (PHBV),
polyorthoester (POE),
polyethyleneoxide/polybutylene
(PEO/PBTP),

polylactic acid (PLA),

polyglycolic acid (PGA),

poly (p-dioxanone),

poly (valetolactone),

poly (tartronic acid),

poly (B malonic acid),

poly (propylene fumarate),

poly (anhydrides); and

tyrosine-based polycarbonates.

terephthalate

[0049] Other equivalent materials, including but not
limited to stereoisomers of any of the aforementioned,
may be used as well.

[0050] In certain embodiments the biodegradable pol-
ymer may be comprised of copolymers of lactic acid and
glycolic acid. The copolymer may be comprised of gly-
colic/lactic acid in the ratio of 90:10. In certain embodi-
ments the ratio of glycolic to lactic acid is chosen from
99:1; 90:10; 95:5; 50:50; 10:90; 5:95; 1:99. In one em-
bodiment the fibers may be comprised of Nylon 6.6
[0051] Using polyglycolide and poly(L-lactide)as base
materials it is possible to copolymerize the two mono-
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mers to extend the range of homopolymer properties.
Copolymers of glycolide with both L-lactide and DL-lac-
tide have been developed for both device and drug de-
livery applications. It is noteworthy that there is not a lin-
earrelationship between the copolymer composition and
the mechanical properties of the materials. For example
a copolymer of 50% glycolide and 50% DL-lactide de-
grades faster than either homopolymer. (See, Middleton
and Tipton, 2000, Biomaterials 21:2335, which is incor-
porated herein by reference).

[0052] The fibers may be coated with at least a single
coating of bioactive material (e.g. growth factors, genes,
collagen, peptides, oligonucleotides, marine biopoly-
mers such as chitosan, various mono-, di-, and poly-sac-
cahrides such as hyaloronic acid and the like or combi-
nations thereof). In some embodiments a plurality of coat-
ings is contemplated. The fibers may be coated with a
non-bioactive material, or a combination of bioactive and
non-bioactive material applied as a single layer or a plu-
rality of layers.

Bioactive Materials

[0053] In some embodiments, the fibers can include
within their body a bioactive material. In other embodi-
ments, the bioactive material can be presentin a coating
applied to the coil, the stretch resistant member, or to the
fibers or to any combination of the three. In one embod-
iment of this invention, the bioactive coating may be ap-
plied to the coil as a single layer and the fibers with or
without bioactive coating can be omitted. In other em-
bodiments, however, the bioactive material is dispersed
in the fiber or coated on the fiber. As shown in Figure 6
this configuration involves a core of metal coil or fiber 30
with single outer coating comprising bioactive material
32.

[0054] The bioactive material, e.g., coatings may be
proteinaceous e.g., a collageneous coating. Collagene-
ous coatings may be of a wide variety of types, including
natural or synthetic. In specific embodiments the bioac-
tive material comprises a photo polymerizable collagen
coating which will bind both with the metal with or without
added bioactive agents. Examples of suitable collagene-
ous materials include those having the same surface
functional groups as do Type | and Type IV natural col-
lagens.

[0055] The bioactive material or agent present in the
polymer itself or the coating if present may have one or
more functions, including, but not limited to, reducing fric-
tion, providing a therapeutic for local or blood borne de-
livery, or reducing thrombosis, coagulation or platelet ac-
tivity. The bioactive material may be hydrophilic, e.g. a
lubricious hydrophilic material such as hyaluronic acid.
Examples of suitable hydrophilic compounds include pol-
yvinyl alcohol (PVA), polyvinylpyrrolidone (PVP), poly-
acrylamide and the like. The bioactive material may be
hydrophobic. Hydrophobic compounds include mem-
brane lipids such as phosphatidyl choline, fatty acid es-
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ters and the like. The bioactive material may include wa-
ter soluble therapeutics. Examples of water-soluble ther-
apeutics include thrombolytics such as tissue plasmino-
gen activator (TPA), streptokinase, urokinase, hirudin
and growth factors such as VEGF. The bioactive material
may include fat soluble therapeutics, e.g., fat soluble vi-
tamins.

[0056] The bioactive coating or material may also pro-
mote cell attachment. It may also be thrombogenic. Non-
limiting examples of bioactive coatings or materials which
increase cell attachment and/or thrombogenicity include
both natural and synthetic compounds, e.g. collagen, fi-
brinogen, vitronectin, other plasma proteins, growth fac-
tors (e.g. vascular endothelial growth factor, "vEGF"),
synthetic peptides of these and other proteins or peptides
having attached RGD (arginine glycine-aspartic acid)
residues, generally at one of both termini or other cell
adhesion peptides, i.e., GRGDY, oligonucleotides, full or
partial DNA constructs, natural or synthetic phospholip-
ids or polymers with phosphorylcholine functionality.

Applications

[0057] The devices of this invention may be introduced
to a selected site and thus the device of the invention
may be used in treating a variety of maladies. For in-
stance, in treatment of an aneurysm, the aneurysm itself
may be filled with a plurality of devices. Alternatively, only
one device may be administered. Shortly after the devic-
es are placed within the aneurysm, an emboli may begin
to form optionally under the influence of the bioactive
material.

[0058] Aselected site may bereached through the vas-
cular system using a collection of specifically chosen
catheters and guide wires. First of all, a large catheter is
introduced through an entry site in the vasculature. Typ-
ically, this would be through a femoral artery in the groin.
Other entry sites sometimes chosen are found in the neck
and are in general well known by physicians who practice
this type of medicine. Once the introducer is in place, a
guiding catheter is then used to provide a safe passage-
way from the entry site to a region near the site to be
treated. For instance, in treating a site in the human brain,
a guiding catheter would be chosen which would extend
from the entry site at the femoral artery, up through the
large arteries extending to the heart, around the heart
through the aortic arch, and downstream through one of
the arteries extending from the upper side of the aorta.
A guidewire and neurovascular catheter are then placed
though the guiding catheter as a unit. Once the tip of the
guidewire reaches the end of the guiding catheter, it is
then extended by the physician, with the aid of fluoros-
copy to the site to be treated using the vaso-occlusive
devices of this invention. The guidewire is advanced first
from the guide catheter tip to the treatment site, followed
by the neurovascular catheter. Once both the distal tip
of the neurovascular catheter and the guidewire have
reached the treatment site, and the distal tip of that cath-
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eter is approximately situated, e.g. within the mouth of
an aneurysm to be treated, the guidewire is then with-
drawn. The neurovascular catheter then has an open lu-
men to the outside of the body. The device of the invention
is then pushed through the lumen to the treatment site
and detached from the catheter. The device may be held
in place because of its shape, size or volume.

EXAMPLES
Example 1 — Adding Fibers

[0059] A T-10 platinum coil is obtained and fastened
to aflat surface at its ends. It has a primary helix diameter
of 0.028 mm. A plurality of Vicryl 90/100 PGLA sutures
with diameters of from 0.099 mm to 0.029 mm are ob-
tained. These sutures are made up of a bundle of 6-7
small microfibers about 12 wm in diameter. A single
monofilament of similar size could also be employed. The
fibers are cut into about 2 cm lengths and physically en-
laced in between windings of the T-10 coil in the config-
urations shown in Figures 2-5. This is done until a total
of about 10-20 fibers per cm extend away from the coils.
The fibers are trimmed to have 2-4 cm lengths extending
from the coils.

[0060] If the fibers are coated with bioactive material
or if they contain bioactive material, the surface area pro-
vided by the fibers would enhance delivery and activity.

Example 2— Coating
[0061]

1. Fill an ice container with cold water and add ice
as needed to reach a temperature of 4-6°C.

2. Submerge a 15 ml centrifuge tube rack into the
container/bucket.

3. Place 15 ml centrifuge tubes (filled with collagen
solution at pH 7.4+2) into the centrifuge rack

4. Pass a platinum coil through a drilled centrifuge
cap into the solution.

5. Allow the coil to remain in the solution for 20 min-
utes.

6. Remove the coil and tube (ensure that the coil
remains in the collagen solution) from the ice con-
tainer/bucket.

7. Place the coil(s) in a 37°C oven for 4 hours.

8. Remove the coil from the collagen solution and
rinse the coil 3x in PBS and 3x in distilled water.

9. Allow the coated coil to dry overnight.
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The invention relates to the following items:

1. A vaso-occlusive device for occluding blood flow
in a patient, the device comprising:

a) a coil, comprising a lumen and a first and a
second end, and sized for insertion to a point of
use in a vascular network of the patient;

b) a stretch resistant member having a first end
fixedly attached to the first end of the coil and a
second end fixedly attached to the second end
of the coil; and

c) a plurality of fibers where each of the fibers
is wrapped around the stretch resistant member
at least two times.

2. The device ofitem 36, wherein the stretch resistant
member axially traverses the lumen of the coil.

3. The device of item 1, wherein the stretch resistant
member is comprised of a metal wire.

4. The device of item 3, wherein the metal wire is
comprised of a metal chosen from platinum, palladi-
um, rhodium, rhenium, iridium, gold, silver, tungsten
and tantalum or an alloy of two or more of these
metals or a superelastic metal.

5. The device of item 1, wherein the stretch resistant
member is comprised of a polymer.

6. The device of item 5, wherein the polymer is one
of non-biodegradable and biodegradable.

7. The device of item 1, wherein the stretch resistant
member is further comprised of a bioactive coating.

8. The device ofitem 7, wherein the bioactive coating
is chosen from a growth factor, a gene, an oligonu-
cleotide, a peptide, a marine biopolymer, a mono-
saccahride, a di-saccahride, a poly-saccahride, col-
lagen and combinations of any of the aforemen-
tioned.

9. The device ofitem 7, wherein the bioactive coating
comprises a polymer.

10. The device of item 1, wherein the coil is com-
prised of metal wire.

11. The device of item 10, wherein the metal wire is
comprised of a metal chosen from platinum, palladi-
um, rhodium, rhenium, iridium, gold, silver, tungsten,
tantalum, an alloy of two or more of these metals, or
a superelastic metal.

12. The device of item 1, wherein the coil is com-
prised of a primary helix which is itself wound into a
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secondary shape.

13. The device of item 12, wherein the secondary
shape is a helix.

14. The device of item 1, wherein the fibers are com-
prised of one of a bioactive and a non-bioactive ma-
terial.

15. The device of item 1, wherein the fibers are com-
prised of a copolymer of glycolic acid and lactic acid.

16. The device of item 1, wherein the fibers further
comprise a bioactive coating.

17. The device of item 16, wherein the bioactive coat-
ing is one of a lubricious hydrophilic coating and a
hydrophobic coating.

18. The device of item 16, wherein the bioactive coat-
ing comprises a copolymer.

19. The device of item 18, wherein the copolymer is
comprised of lactic acid and glycolic acid.

20. The device of item 1, wherein the fibers are com-
prised of non-biodegradable polymer.

21. The device of item 20, wherein the non-biode-
gradable polymer is chosen from a polyethylene, a
polyacrylic, a polypropylene, a polyvinylchloride, a
polyamide, a polyurethane, a polyvinylpyrrolidone,
a polyvinyl alcohol, a polyvinylacetate, a cellulose
acetate, a polystyrene, a polytetrafluoroethylene, a
polyester, silk, nylon, polyethylene terephthalate, or
cotton.

22. The device of item 1, wherein the fibers are com-
prised of biodegradable polymer.

23. The device ofitem 22, wherein the biodegradable
polymer is chosen from polyglycolic acid, polycapro-
lactone, polyhydroxybutyrate valerate, polyorthoe-
ster, polylactic acid, poly (p-dioxanone), poly (vale-
tolactone), poly (tartronic acid), poly (R-malonic ac-
id), poly (propylene fumarate), a tyrosine based poly-
carbonate, and a copolymer of polyethylene oxide
and polybutylene terephthalate.

24. The device of item 19, wherein a ratio of glycolic
acid to lactic acid is chosen to be one of: 99:1, 1:99,
95:5, 5:95, 50:50, 90:10, and 10:90.

25. The device of item 16, wherein the coating ma-
terial is chosen from a growth factor, a gene, an ol-
igonucleotide, a peptide, a marine biopolymer, a mo-
no-saccahride, a di-saccahride, a poly-saccahride,
collagen and combinations of any of the aforemen-
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tioned.

26. The device ofitem 16, wherein the bioactive coat-
ing is applied to the coil and the stretch resistant
member.

27. The device of item 16, wherein the bioactive coat-
ing is applied to the fiber as a single layer.

28. The device ofitem 26, wherein the bioactive coat-
ing is applied to the coil and the stretch resistant
member as a single layer.

29. The device ofitem 16, wherein the bioactive coat-
ing is dispersed throughout the fiber.

30. The device ofitem 16, wherein the bioactive coat-
ing promotes cell attachment and is thrombogenic.

31. The device of item 16, wherein the bioactive coat-
ing material is chosen from collagen, fibrinogen, vit-
ronectin, vascular endothelial growth factor, and a
peptide comprising the sequence arginine-glycine-
aspartic acid (RGD).

32. The device of item 1, wherein each of the fibers
comprises first and second ends and each of the first
and second fiber ends extends freely from the coil.

33. A method of making a vaso-occlusive device
comprising the steps of:

a) obtaining a helically coiled wire core compris-
ing a lumen, a first and second end and a fiber
gripping spacing between adjacent windings
when not under tension;

b) extending the wire core into an extended con-
dition;

c) inserting a stretch resistant member into the
lumen of the helically coiled wire and fixedly at-
taching a first end of the stretch resistant mem-
berto atleast one end of the helically coiled wire;
d) wrapping a plurality of fibers around the
stretch resistant member at least two times; and
e) relaxing the coil thereby causing the adjacent
windings of the cail to grip the fibers.

34. The method of item 33, further comprising: fixedly
attaching a second end of the stretch resistant mem-
ber to a second end of the helically coiled wire.

35. The method of item 33, wherein the wrapping is
through multiple windings of the coil.

36. The method of item 33, wherein each of the fibers
comprises first and second ends, the method further
comprising:
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arranging the first and second ends of each of
the fibers to extend freely from the caoil.

37. A method of treating an aneurysm in a patient
comprising introducing a vaso-occlusive device into
the patient thereby treating the aneurysm, wherein
the vaso-occlusive device comprises:

a) a coil sized for insertion to a point of use in a
vascular network of the patient, where the coil
comprises a first and a second end and is com-
prised of a first surface area;

b) a stretch resistant member having a first end
and a second end fixedly attached, respectively,
to the first and second ends of the coil; and

c) a plurality of fibers, each fiber having first and
second ends and where each of the enlaced fib-
ers is wrapped around the stretch resistant
member at least two times, wherein each of the
first and second fiber ends extends freely from
the coil.

38. The method of item 37, wherein the coil is a helix.

Claims

A vaso-occlusive device for occluding blood flow in
a patient, the device comprising:

a) a coil, comprising a lumen and a first and a
second end, and sized for insertion to a point of
use in a vascular network of the patient;

b) a stretch resistant member having a first end
fixedly attached to the first end or the second
end of the coil; and

c) a plurality of fibers wherein the device is char-
acterized in that each of the fibers is wrapped
around the stretch resistant member at least two
times.

The device of claim 1, wherein the stretch resistant
member is comprised of a metal wire.

The device of claim 1, wherein the stretch resistant
member is comprised of a polymer.

The device of one of the previous claims, wherein
each of the fibers comprises first and second ends
and each of the first and second fiber ends extends
freely from the coil.

The device of one of the previous claims, wherein
the fibers further comprise a bioactive coating.

The device of claim 5, wherein the coating material
is chosen from a growth factor, a gene, an oligonu-
cleotide, a peptide, a marine biopolymer, a mono-
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saccahride, a di-saccahride, a poly-saccahride, col-
lagen and combinations of any of the aforemen-
tioned.

The device of one of the previous claims, wherein
the fibers are comprised of a copolymer of glycolic
acid and lactic acid.

The device of claim 7, wherein aratio of glycolic acid
to lactic acid is chosen to be one of: 99:1, 1:99, 95:
5, 5:95, 50:50, 90:10, and 10:90.

The device of one of claims 1-6, wherein the fibers
are comprised of non-biodegradable polymer.

The device of claim 9, wherein the non-biodegrada-
ble polymer is chosen from a polyethylene, a poly-
acrylic, a polypropylene, a polyvinylchloride, a polya-
mide, a polyurethane, a polyvinylpyrrolidone, a pol-
yvinyl alcohol, a polyvinylacetate, a cellulose ace-
tate, a polystyrene, a polytetrafluoroethylene, a pol-
yester, silk, nylon, polyethylene terephthalate, or cot-
ton.

The device of one of claims 1-6, wherein the fibers
are comprised of biodegradable polymer.

The device of claim 11, wherein the biodegradable
polymer is chosen from polyglycolic acid, polycapro-
lactone, polyhydroxybutyrate valerate, polyorthoe-
ster, polylactic acid, poly (p-dioxanone), poly (vale-
tolactone), poly (tartronic acid), poly (3-malonic ac-
id), poly (propylene fumarate), a tyrosine based poly-
carbonate, and a copolymer of polyethylene oxide
and polybutylene terephthalate.

A method of making a vaso-occlusive device com-
prising the steps of:

a) obtaining a helically coiled wire core compris-
ing a lumen, a first and second end and a fiber
gripping spacing between adjacent windings
when not under tension;

b) extending the wire core into an extended con-
dition;

c) inserting a stretch resistant member into the
lumen of the helically coiled wire and fixedly at-
taching a first end of the stretch resistant mem-
ber to one end of the helically coiled wire;

d) wrapping a plurality of fibers around the
stretch resistant member at least two times;
and

e) relaxing the coil thereby causing the adjacent
windings of the coil to grip the fibers.

The method of claim 13, wherein the wrapping is
through multiple windings of the coil.
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15. The method of claim 13 or 14, wherein each of the

fibers comprises first and second ends, the method
further comprising:

arranging the first and second ends of each of
the fibers to extend freely from the coil.
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Fig. 71
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Fig 2
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Figure 7a & 7b
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